Introduction
Translation of messenger RNA is an important step in the post-transcriptional and overall regulation of eukaryotic gene expression Gallie, 1993) . Although translation may be influenced at the level of elongation, it is primarily modulated at the level of initiation (Thach, 1992) . According to current models (Merrick, 1992 ) the eukaryotic initiation factor (eIF) 4F, a complex of the RNA helicase eIF4A, eIF4E and eIF4G, binds the m(GppppN cap structure on the 5h end of the mRNA via the eIF4E subunit, and unwinds the mRNA secondary structure with the collaboration of eIF4B. Subsequently, the 43S ribosomal subunit complex, encompassing the 40S ribosomal subunit, several initiation factors, GTP and the methionyl-tRNA, binds to the already unstructured leader and scans the mRNA towards the first AUG codon. Once the AUG is recognized as the initiation codon, the 48S mRNAribosome complex hydrolyses a GTP molecule, a 60S ribosomal subunit joins, and the first peptide bond is formed. The selection of the initiation codon is determined by the primary sequence flanking the AUG codon. A purine, preferentially adenine, in position k3 and a guanine in position j4 are Author for correspondence : Juan Antonio Garcia.
Fax j34 1 5854506. e-mail jagarcia!cnb.uam.es efficient initiation codon in vitro. Furthermore, AUGs that were placed in a favourable context, initiating short intraleader open reading frames, repressed translation initiation from the 147 AUG in vitro and in vivo. These results point to leaky scanning as the mechanism of translation initiation of plum pox virus RNA. Nevertheless, it is a peculiar leaky scanning where the initiation of translation does not require a cap structure at the 5h end. This fact is congruent with the experimentally predicted absence of a stable secondary structure at the 5h noncoding region.
shared by the most efficient codons ; the numbers are negative upstream of the A of the AUG, which is designated j1 (Kozak, 1986 ; Lu$ tcke et al., 1987 ; Dinesh-Kumar & Miller, 1993) . The efficiency of recognition has also been proven proportional to the leader length in the range of nucleotides (nt) 17-80 (Kozak, 1991 b) .
An alternative initiation pathway to the linear scanning of the translation machinery from the 5h end has been described for some viral mRNAs that lack a cap structure. The members of the family Picornaviridae are positive-stranded RNA viruses that share a genome-linked protein (VPg) at the 5h end of an unusually long (nt 610-1200), highly structured 5h noncoding region (NCR) with up to 12 out-of-frame AUG triplets preceding the functional single open reading frame (ORF). Cap-independent translation initiation of this ORF is driven by RNA structures present in the 5h NCR, termed the internal ribosome entry site (IRES) (Pelletier & Sonenberg, 1988) . The presence of an IRES has also been shown in vitro for the cowpea mosaic virus (CPMV) middle component RNA (Thomas et al., 1991) , although this result was not confirmed in an animal cell transient expression system (Belsham & Lomonossoff, 1991) . On the other hand, there are data that show the differential expression of a potato leafroll luteovirus (PLRV) subgenomic RNA by UAG suppression and internal translation initiation (Tacke et al., 1990) . Another naturally uncapped mRNA, the satellite tobacco necrosis virus (STNV), also needs specific structures in the 5h NCR to maintain the cap-independence (Danthinne et al., 1993) . For the translation initiation of both the STNV and those mRNAs that contain an IRES, eIF4F has been proven to be necessary (Grifo et al., 1983 ; Fletcher et al., 1990 ; Anthony & Merrick, 1991 ; Scheper et al., 1992 ; Timmer et al., 1993) .
Plum pox virus (PPV) is a member of the genus Potyvirus, the largest group of plant-infecting viruses. The genome of PPV is a messenger-polarity RNA molecule, 9786 nt in length, with a VPg protein at its 5h end and a poly(A) tail at the 3h end. It contains a single ORF that is translated into a large polyprotein which is co-and post-translationally processed into the functional proteins .
Although potyviruses and picornaviruses share similar genomic structures and strategies of expression, potyviruses present shorter 5h NCRs (nt 144-205) that are presumably devoid of stable secondary structures, due to their low content of cytosine and guanine, and lack nonfunctional intraleader ORFs. PPV is the only member of the genus that bears an AUG codon which precedes, in frame, the initiator AUG codon, which lies in a more favourable initiation context (Riechmann et al., 1991) . Cap-independent internal initiation of translation has been proposed for four members of the genus Potyvirus (Carrington & Freed, 1990 ; Nicolaisen et al., 1992 ; Levis & Astier-Manifacier, 1993 ; Basso et al., 1994) . Nevertheless, in vitro studies using bicistronic transcripts did not show an efficient translation initiation from the 5' NCR of PPV when placed in an internal position (Riechmann et al., 1991) .
We present different in vitro and in vivo evidence of capindependent leaky scanning as the mechanism of translation initiation of PPV genomic RNA.
Methods
Plasmid constructions. Plasmid pGG5S6 contains the first 3632 nt of the PPV genome cloned downstream of a T7 RNA promoter (Riechmann et al., 1991) . The PPV cDNA sequence cloned into pGG5S6N (mutant NcoI) was identical to that of pGG5S6 with the exception of the sequences encompassing the two AUG codons present in the 5h NCR of PPV. The first $' AUG codon (numbering of PPV nt is according to Laı! n et al., 1989) had been previously changed to $'
AAA by site-directed mutagenesis of an M13 phage that contained the first 547 nt of the PPV genome (Riechmann et al., 1991) , and an NcoI site was created by changing "%& AGATGT to "%& CCATGG, following the same protocol of site-directed mutagenesis and plasmid reconstruction. This mutant M13 phage lacks the first PPV $' AUG codon and bears an NcoI site around the second "%( AUG codon. It was subjected to site-directed mutagenesis so as to introduce an HpaI site (nt $# T and $& A of the plasmid sequence were changed to $# G and $& C) ; to introduce a Bgl II site ( *# A was changed to *# T) ; to delete the first 12 nt (mutant ∆ [1, 12] ) ; or to construct mutants
TTTTAAA was changed to $# TGTTTATG), and U $$ A ( $# TTTTAAA was changed to $# TATTATG). The replicative form of the mutagenized phages was digested with PvuII and NcoI. The resulting fragment (nt k33 to 145 ; the numbers are negative upstream of the first nt of PPV) was inserted between the PvuII and NcoI sites of pGG5S6N to render plasmids pGG5S6NH (mutant HpaI), pGG5S6NB (mutant Bgl II), pGG5S6N∆ [1, 12] 
A nested set of deletion mutants (ranging from 1-67 nt removed) that covered the entire 5h NCR of PPV was constructed by digestion of pGG5S6N with NcoI, pGG5S6NB with Bgl II or pGG5S6NH with HpaI, and subsequent treatment with nuclease BAL-31. The digestions with BAL-31 were carried out using the protocol of Gilmer et al. (1992) , with the modification of removing all the 5h phosphate groups before BAL-31 digestion, thus impeding the ligation of undigested fragments. The resulting plasmids were named pGG5S6N∆ [x,y] (where nt x-y, including both, were deleted by the BAL-31 treatment).
pGG5GUS was constructed by ligation of the reporter gene gus, contained in a %'* NcoI-#$$" SalI fragment (with the SalI site filled in with Klenow) of pCaG (a gift of Virginia Walbot, Stanford University), with the #)%% NdeI-"%& NcoI fragment (with the NdeI site also filled in with Klenow) of pGGP1, a pGEM derivative that encompasses the 5h NCR of pGG5S6N and the 3h NCR, 2716 nt of the coding region and the poly(A) tail of PPV. pGG53GUS resulted from the insertion of a NcoI-BamHI fragment that encompasses the gus gene (with the BamHI site treated with mung bean nuclease) into the #'(( BsaBI-"%& NcoI fragment of pGGP1. The PvuII-NcoI fragment of pGG5GUS (nt k33 to 145) was replaced by the equivalent fragment of pGG5S6N-derived deletion mutants, so as to construct pGG5GUS mutant plasmids that bear different deletions all over the 5h NCR.
In vitro transcription and translation. Plasmid pGG5S6 and derivatives were digested with PvuII (nt k33) and BstBI (nt 2070) or ApaLI (nt 1148), and transcribed with an Ampliscribe T7 RNA Transcription Kit (Epicentre) following the protocol provided by the supplier, but adding 1 µCi [$#P]UTP. pGG53GUS, pGG5GUS and derivatives were digested with PvuII (nt k33) and PstI, which cleaves immediately downstream of the poly(A) tail at nt 3048, and were transcribed with the same transcription kit. Capped transcripts were synthesized including m(GpppG or GpppG cap structure analogues (New England Biolabs) in the reaction mixtures. Transcripts were treated with RNase-free DNase (1 unit\µg DNA), phenol-chloroform extracted, filtered through Sephadex G-50 spun columns, ethanol-precipitated and resuspended in water. RNA concentration was estimated by UV absorbance, [$#P]UTP incorporation and densitometry of the corresponding band in an electrophoresis gel. In vitro translation of saturating and non-saturating amounts of RNAs was carried out in a rabbit reticulocyte lysate (Promega), according to the supplier's instructions and using [$&S]methionine to label the peptide chain. The peptides synthesized in this cell-free system were separated by 10 or 12n5 % SDS-PAGE, detected by fluorography and quantified by scanning the films with a densitometer (Molecular Dynamics) after different exposure times. The experiments were repeated at least twice to obtain consistent data.
Transient expression assays in protoplasts.
Protoplasts were isolated from Nicotiana clevelandii leaves (Guo, 1996) . Protoplasts (8i10&) were resuspended in electroporation buffer, mixed with nonsaturating amounts (4-6 µg) of transcript and subjected to one electroporation pulse of 20-25 ms at 110 V and 1000 µF. After 15 min recovering on ice, the protoplasts were washed once with washing medium and grown in 1n2 ml culture medium under diffuse light at 24 mC for 24 h. Protoplasts were harvested by 3 min centrifugation at 100 g, resuspended in 100 µl of β-glucuronidase (GUS) extraction buffer and homogenized to total lysis. The translation efficiency of the transcripts was measured as GUS activity (Jefferson, 1987 incubated with 300 µl 1 mM 4-methylumbelliferylglucuronide, and its conversion to 4-methylumbelliferone (MU) at different times for 1 h was quantified in a TKO-100 fluorimeter (Hoefer Scientific Instruments). The experiments were repeated at least twice to obtain consistent data.
Secondary structure probing. PPV full-length RNA (2n5 µg) was obtained by in vitro transcription of pGPPV (Riechmann et al., 1990) , dissolved in 40 µl reaction buffer, and renatured by heating at 50 mC for 5 min and then cooling slowly to reaction temperature. The renatured RNA was modified with the chemicals dimethylsulfate (DMS, Aldrich), which at neutral pH alkylates the N-1 position of adenines and, less actively, the N-3 position of cytosines that are not involved in Watson-Crick base pairings, and 1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (CMCT, Sigma), which reacts with N-3 uracils and, much less actively, with N-1 guanines that are not involved in Watson-Crick base pairings. DMS reactions were performed with 2 µl of different DMS-ethanol dilutions at 20 mC, for various time periods ; CMCT treatment was carried out with different amounts of the chemical for various periods at 37 mC. Reactions were carried out in native conditions (20 mM magnesium acetate, 300 mM KCl and 50 mM sodium borate, pH 8 buffer for CMCT treatment ; 20 mM magnesium acetate, 300 mM KCl and 50 mM sodium cacodylate, pH 7 buffer for DMS) and semi-denaturing conditions (1 mM EDTA, 50 mM sodium borate, pH 8 buffer for CMCT ; 1 mM EDTA, 50 mM sodium cacodylate, pH 7 buffer for DMS) to determine the stability of the CGJD L. Simo! n-Buela, H.-S. Guo and J. A. Garcia L. Simo! n-Buela, H.-S. Guo and J. A. Garcia hypothetical helices. Control reactions under denaturing conditions were carried out in the semidenaturing buffer, but at 90 mC for 1 min. Bases involved in secondary or tertiary structures were detected by digestion with RNase V1 (Pharmacia), an endoribonuclease that cleaves, with no base specificity, in double-stranded regions or single-stranded stacked regions. The V1 digestions were carried out at 37 mC in the same buffer as for DMS modifications, using different amounts of enzyme and periods of time, and stopped by phenol-chloroform extraction. The treated RNAs were then ethanol-precipitated and resuspended in water. The sites of chemical modification or nuclease digestion were identified by primer extension analysis using two primers complementary to nt 121-134 (primer A) and 235-248 (primer B) of the PPV genomic RNA, and electrophoresis of the reverse transcripts on a 6 % acrylamide-8 M urea gel.
Results

In vitro translation of PPV 5h NCR deletion and substitution mutant mRNAs
In order to locate a hypothetical internal ribosomal entry site in the 5h NCR of PPV, uncapped transcripts encompassing the first 2070 nt of PPV genomic RNA, with different sequences of the 5h NCR substituted or deleted, were translated in a rabbit reticulocyte lysate system. The efficiency of translation was quantified by measuring the synthesis of the resulting 63 kDa peptide (Fig. 1) . The RNA transcribed from pGG5S6N (mutant NcoI) was translated with a slightly higher efficiency than the wild-type : pGG5S6N lacks the cryptic $' AUG codon and has an optimum context surrounding the initiation "%( AUG codon, modifications that did not alter the viral infectivity when assayed in vivo (Simo! n-Buela et al., 1997). Only two of the mutants derived from pGG5S6N, the HpaI substitution mutant and the ∆[62, 87] deletion mutant (nt 62-87 deleted), showed a significant decrease of the translational levels. In both cases the mutation had introduced an AUG codon 31 or 60 nt apart from the 5h end. These AUG codons were located in a suitable initiation context, and initiated a short intraleader ORF of 87 and 9 nt, respectively. Longer deletions that involved the nucleotides mutated in the above constructions, but without introducing an AUG codon out-of-frame, did not affect the translational efficiency. These results show that no specific sequence in the 5h NCR of PPV genomic RNA is necessary for an efficient in vitro translation initiation. Long deletions of up to 60 nt, that destroyed any hypothetical stable secondary structure, did not alter the translation rates either ; this result suggests that no secondary structure is involved in vitro in the translation initiation of the PPV genomic RNA, and also argues against the existence of redundant sequences that become active when others are deleted.
The plant translation machinery ignores the first $' AUG of the PPV ORF, which lies in an unsuitable initiation context, and begins translation at the second "%( AUG (Riechmann et al., 1991) . To determine whether the first AUG can be efficiently recognized as an initiation codon, we altered the sequence surrounding it in an mRNA that bears the first 5h 1148 nt of the PPV genome. The peptides synthesized in vitro from the mutant uncapped mRNAs were analysed in a 12n5 % polyacrylamide gel (Fig. 2) . The substitution of C for U at position 33 (mutant U $$ C) affected neither the global translational CGJE Translation initiation of PPV genomic RNA Translation initiation of PPV genomic RNA efficiency nor the ratio of protein translated from the $' AUG and "%( AUG initiation codons. However, when the $' AUG codon was located in a good initiation context, positioning an adenine three nucleotides upstream of the AUG codon (mutant U $$ A), it turned into an efficient initiation codon. A protein with an electrophoretic mobility of about 40 kDa was synthesized to levels higher than those of the 40 kDa protein synthesized from the first AUG codon of the wild-type transcript. A product of similar molecular mass was also efficiently synthesized when an AUG codon endowed with a good initiation context was placed in position 31, in frame with the PPV ORF (mutant U $$ GU). The level of protein synthesis from the first AUG codon was lower in mutant U $$ A than in mutant U $$ GU, which has a better initiation context in positions k1 and k2. In both cases the translation initiation from the "%( AUG codon was not completely abolished, but it was significantly reduced. A notable decrease of the translation initiation from the "%( AUG codon was also observed when the $" AUG codon was placed out-of-frame (mutant U $$ G), leading to a short intraleader ORF as in mutant HpaI ; the decrease was similar in both mutants, regardless of the presence of the $' AUG codon in mutant U $$ G, which is absent in the mutant HpaI. The peptides synthesized from these short ORFs were not detected in the polyacrylamide gels run, due to their low molecular mass and because only one [$&S]methionine is present in the amino acid chain.
Translational efficiency of PPV 5h NCR mutant mRNAs in protoplast transient expression assays
In vitro translation results must be interpreted with care because an excess of factors involved in initiation, or the defect of a critical one, may reduce the requirement for a cap structure CGJF L. Simo! n-Buela, H.-S. Guo and J. A. Garcia L. Simo! n-Buela, H.-S. Guo and J. A. Garcia or for any specific structure in the mRNA. To gain further insight into the natural behaviour of PPV, the gus reporter gene was cloned downstream of the 5h NCR of PPV in a T7 expression plasmid which also contains the last 94 nt of the 3h NCR of PPV and its poly(A) tail (pGG5GUS). In order to map the IRES hypothetically present in the potyvirus 5h NCR, transcripts bearing the wild-type or mutant PPV 5h NCR were introduced by electroporation into Nicotiana clevelandii protoplasts, and the translational efficiency was measured as GUS activity.
Uncapped RNAs were translated five times less efficiently than capped RNAs, but the levels of translation were the same whether the RNAs were capped with m(GpppG or with unmethylated GpppG, a structure which confers stability to the RNA without affecting its translational efficiency (Fig. 3) . This result agrees with previous experiments, also carried out with methylated and unmethylated cap, which showed that potyvirus translation initiation was cap-independent (Carrington & Freed, 1990 ; Riechmann et al., 1991 ; Gallie et al., 1995 (Fig. 4) , thus confirming that neither primary nor secondary structures are necessary for efficient translation initiation of PPV genomic RNA. As occurred in vitro, the HpaI substitution mutant and the ∆ [62, 87] deletion mutant presented levels significantly lower (23 and 39 %, respectively) than the parental mutant NcoI. As mentioned above, these two mutants bear an out-of-frame AUG codon that lies in a good initiation context. The translation decrease shown in these mutants, which appears to be due to the intraleader ORF initiated at these artefactual AUG codons, indicates that the protoplast protein synthesis machinery initiates translation in the 5h NCR of PPV at the first AUG codon encountered in a good initiation context. As expected, the translational efficiency of the deletion mutant ∆[128,145] (where the deletion leaves the "%( AUG initiation codon in a bad initiation context, without a purine 3 nt upstream of the AUG codon) was significantly lower than those of both the parental mutant NcoI (52 %) and the deletion mutant ∆[127,145] (58 %), which bear a good initiation context around the "%( AUG codon with a purine (adenine) 3 nt upstream of the AUG codon.
A synergistic interaction between the 5h cap structure and either the 3h poly(A) tail of plant or animal mRNAs (Gallie, 1991) , or the 3h NCR of the non-polyadenylated TMV RNA (Gallie & Kobayashi, 1994) was proven necessary for efficient mRNA translation. In the case of potyviruses, such a synergism has been shown between the 5h NCR and the poly(A) tail of the TEV mRNA (Gallie et al., 1995) . Although the mRNAs used in the transient expression experiments included the 5h NCR of PPV and were polyadenylated, we compared the translational efficiency of the RNA transcribed from pGG5GUS (tGG5GUS), which was synthesized with unmethylated cap and contained the last 94 nt of the 221 nt long 3h NCR of PPV, with that of tGG53GUS, a transcript also synthesized with unmethylated cap, that contained the entire 3h NCR of PPV. The GUS activity in protoplasts transformed with tGG5GUS was not lower than in those transformed with tGG53GUS, thus the putative translational function of at least the first 127 nt of the 3h NCR of PPV could be discarded (Fig. 3) .
Secondary structure probing of the 5h NCR of PPV
The secondary structure of the 5h NCR of PPV was determined by probing a synthetic PPV full-length uncapped transcript with different chemicals and enzymes, and subsequent extension with primers complementary to sequences located in and close to the 5h NCR (Fig. 5) . CMCT (which cleaves phosphodiester bonds after uracils and, less actively, guanines that lie in a single-stranded region) was active on almost all the uracils of the 5h NCR in native, semidenaturing and denaturing conditions. DMS, which alkylates adenines and cytosines that lie in a single-stranded region, was active on most of the adenines and cytosines of the 5h NCR in native, semidenaturing and denaturing conditions. Ribonuclease V1, which cleaves on double-stranded regions with no sequence specificity, cleaved only on a short stretch of uracils placed in nt 67-69, and in the uracils placed in positions 119 and 120 ; however, these five positions were also modified by CMCT, thus emphasizing the instability of that double-stranded region. The primer extension of V1-treated RNAs also stopped at ""$ CUU and in "#' CCA, but the same stop happened in the primer extension of untreated RNA. These results show that, as predicted by computer programs and by the high content of adenines and uracils, no complex secondary structure is present in the 5h NCR of PPV.
Discussion
In contrast to most eukaryotic mRNAs, the 5h end of the potyvirus genomic RNA is bound to a genome-linked protein (VPg) instead of to a cap structure . The polysome-associated mRNAs of polioviruses, whose genomes also bear a VPg protein at the 5h end, are depleted of any structure (cap or VPg) at their 5h end (Hewlett et al., 1976 ; Nomoto et al., 1976) . Although the nature of the 5h end in polysome-associated potyvirus RNA is not known, translation initiation has been shown to be cap-independent for several potyviruses (Carrington & Freed, 1990 ; Riechmann et al., 1991 ; Gallie et al., 1995) . Transcripts synthesized from a fulllength cDNA clone of the PPV genomic RNA, without a VPg protein linked to their 5h end, were translated to a level sufficient to initiate plant infection (Riechmann et al., 1990) , showing that the VPg protein is not essential, at least for the first translation event of PPV genomic RNA in the plant.
L. Simo! n-Buela, H.-S. Guo and J. A. Garcia L. Simo! n-Buela, H.-S. Guo and J. A. Garcia Cap-independent translation initiation of other viral RNAs that also have a VPg protein linked to their genomic RNA has been shown to proceed through the binding of the ribosomes to internal sites (IRES) in their 5h NCR (Pelletier & Sonenberg, 1988) . In an attempt to locate the hypothetical IRES that had been proposed for other members of the genus Potyvirus, we measured the translational efficiency of a nested set of deletion mutants in a rabbit reticulocyte lysate and in a protoplast transient expression system. The results with both systems showed that no deletion was responsible for a significant decrease of the translation levels, strongly suggesting that no specific sequence in the 5h NCR of PPV is necessary for an efficient translation initiation. This conclusion is strengthened by recent results showing that long deletions in the 5h NCR of PPV do not prevent virus infectivity (Simo! n-Buela et al., 1997) . The presence of a complex secondary structure in the 5h NCR of PPV, which would be thermodynamically unstable due to the high content of adenines and uracils (70 %) in this region, was also discarded by probing a PPV full-length transcript with different chemicals and enzymes. In any case, mutant transcripts with more than 60 (out of 146) nt deleted in the 5h NCR of PPV, and thus with any hypothetical complex secondary structure destroyed, were translated to wild-type levels both in vitro and in vivo.
In terms of the leaky scanning model, the first $' AUG codon of PPV is not efficiently recognized as an initiation codon, both because it is surrounded by an unsuitable initiation context (Kozak, 1986 ; Lu$ tcke et al., 1987 ; Dinesh-Kumar & Miller, 1993) and because it is located too close to the 5h end (Kozak, 1991 b ; Van den Heuvel et al., 1989) . Two different approaches were used to determine whether leaky scanning was the mechanism of translation initiation of the PPV genomic RNA. Firstly, out-of-frame AUG codons with appropriate initiation contexts were introduced at nt positions 31, 36 or 60 of the 5h NCR of PPV. These AUGs seemed to be efficiently recognized, both in vitro and in vivo, by the plant translation machinery and to initiate short intraleader ORFs, as they led to the repression of the translation initiation from the second "%( AUG. As a second approach, the cryptic in-frame $' AUG codon of the wild-type RNA was placed in a good initiation context and the mutant $" AUG was placed in frame with the second "%( AUG. The resulting peptides were efficiently synthesized in vitro and the initiation of translation from the second "%( AUG codon was concomitantly repressed. The translation activity from the $" AUG was higher than from the $' AUG, probably due to better initiation context in positions k1 and k2. The efficiency of translation has been proven proportional to the leader length in a range of 17-80 nt (Kozak, 1991 b) , and AUG triplets are readily bypassed when they are very close to the 5h end (Van den Heuvel et al., 1989) . These facts explain why some of the 40S ribosome subunits bypassed the first AUG codon of the PPV 5h NCR, even when it was located in a good context, and initiated at the second "%( AUG codon. Our results show that no secondary structure in the 5h NCR is necessary for the translation initiation of PPV genomic RNA, and that any AUG triplet can be recognized as an initiator codon when it is placed in an appropriate context and distance from the 5h end of the genome. This evidence points to leaky scanning as the mechanism of translation initiation of the naturally uncapped PPV genomic RNA.
The translation of most eukaryotic RNAs initiates with the binding of eIF4F to the mRNA, via the interaction of the eIF4E subunit with the cap structure at the 5h end of the RNA, and the subsequent unwinding of the structured mRNA by the eIF4A subunit in combination with eIF4B. The cap-independent translation of the PPV genome seems to be due to the unstructured nature of the PPV 5h NCR, which makes unnecessary the binding of an unwinding factor to the mRNA. The translation initiation of PPV RNA would be thermodynamically and kinetically favoured over the translation initiation of cellular mRNAs, where energy and time must be spent to unwind the mRNA secondary structure.
